Background: Malignant melanoma (MM) patients are at increasing risk of developing second primary cancers (SPCs). We assessed mortality and risk of SPCs in MM patients with siblings or parents affected with same cancer compared with that of the general population. , and prostate cancer (RR ¼ 2.22, 95% CI ¼ 1.89 to 2.61) with statistical significance. For all cancers, familial RR was in excess (2.09, 95% CI ¼ 2.02 to 2.16 vs 1.78, 95% CI ¼ 1.69 to 1.87; P trend < .0001). Cause of death in MM patients with SPC is shown to be dependent on the cancer site though SPCs contributed to majority of deaths. Conclusions: SPCs appear higher with prior family history of cancer and contribute to mortality. SPC was the most common cause of death in patients with SPC and is almost uniformly the major contributing cause of death for all cancer sites. For improved survival in MM patients, prevention and early detection of SPCs would be important.
Survival rates among patients with malignant cutaneous melanoma (MM) have improved with a resulting increased likelihood for occurrence of second primary cancers (SPCs). SPCs in patients with MM account for 5.1% of all SPCs in Sweden and 3.9% in Germany (1) . Patients with MM are at an increased risk of multiple MMs and at least 10 different types of other (discordant) SPCs (2, 3) . Multiple MMs signal increased familial susceptibility to MM, and multiple cancers, even the discordant ones, are often associated with genetic predisposition (2, 4) . Thus, known cancer syndromes manifesting MM also show an excess of some other cancers (5) . The most common high-risk gene predisposing to MM is CDKN2A, which is also associated with pancreatic cancer (5) . Germline mutations in breast cancer 1 associated protein 1 also cause predisposition to MM, but the mutations are relatively more important in rare cancers (uveal melanoma and mesothelioma) constituting a novel cancer syndrome (5) (6) (7) . In addition to the high-risk genes, genome-wide association studies have identified more than 20 loci that predispose to MM (8) . These are involved in pathways related to nevus count, pigmentation, telomere homeostasis, tumor suppression, and DNA repair; some of these are also associated with other cancers (9) . Family studies have shown that MM is associated at the population level with breast, prostate, colorectal, skin squamous cell (SCC), and nervous system cancers (10, 11) . Direct evidence on the effect of family history on SPCs was recently demonstrated in Hodgkin lymphoma where an excess of second lung, colorectal, and breast cancers was found in survivors with a family history of these cancers (12) . In cancers with good survival, SPCs are an important cause of death (13, 14) .
In the present study, we focus on risk for and mortality in SPCs and higher order multiple primary cancers in patients with MM, hypothesizing that family history of cancer X in patients with MM increases the risk for cancer X as an SPC. A first-degree family history of any cancer is common in MM patients because 6.3% of patients have a family member diagnosed with MM and 52% of them have a family history of some other form of cancer (15) . We used data from the most recent version of the Family-Cancer Database, which covers the Swedish population for more than a century and linked cancers for 58 years from the national cancer registry. The effect of multiple primaries, particularly of SPCs, was remarkably high on disease outcome. Any attempt to increase survival in MM needs to counter the challenge of SPCs.
Methods
Data for our study were obtained from the Swedish FamilyCancer Database, which includes information about the residents of Sweden organized in family datasets and covers more than a century (16) . Individuals were linked to the national cancer registry for first and any subsequent cancers (16) . The database records cancers according to the International Classification of Diseases 7th revision (ICD-7) and later revisions. Until the end of 2015, more than 2 million cancers were recorded among 16.1 million individuals; 8.8 million individuals belonged to the 0-to 83-year-old offspring generation (born after 1931) for which relative risks (RRs) were calculated.
Statistical Analysis
We followed newly diagnosed patients with MM from January 1, 1958 until December 31, 2015 for diagnosis of any of the 35 different SPCs, including second MMs. Family history was called when the SPC was the same, concordant cancer diagnosed in a first-degree relative (parent or sibling). Family history was recorded from the beginning of cancer registration in Sweden from the year 1958 onwards. The follow-up was terminated at diagnosis of SPC, emigration, death, or December 31, 2015 (when the oldest individuals reached age 83 years), whichever occurred first. Causes of death were also available in the database as obtained from the national causes of death register. Familial and nonfamilial RRs of SPC were estimated comparing risk (incident rate) of SPC among MM survivors, with or without prior family history, against risk of that cancer in the general population. Waiting time distribution with Poisson assumption was employed to estimate RRs and corresponding confidence intervals (CIs) for 5%, 1%, and 0.1% levels of statistical significance. A generalized linear multivariable model was used with regressors including age group, sex, calendar period, residential area, and socioeconomic status as adjustments for potential confounding.
The underlying cause of death is ascertained by amalgamation of the cancer registry and the death certificate notification (17) . This is annotated with the following ICD codes from 1997 onwards: ICD-7 (1958 ICD-7 ( -1968 , ICD-8 (1969 ICD-8 ( -1986 , ICD-9 (1987 ICD-9 ( -1996 , and ICD-10. All cancer-related deaths were stratified into MM, SPC, "other cancer," and non-neoplastic cause of death "other causes." For patients with multiple MMs, it was not possible to define which MM caused the patient's death. "Other cancer" includes cases diagnosed at the issue of death certificates, referred to as "death certificate notifications" (17) (18) (19) . These notifications are not used by the Swedish Cancer Registry to complement cancer data in contrast to that of the other Nordic Cancer Registries (17) (18) (19) . We have found that the notifications often included multiple cancers and cancer of unknown primary (CUP). In our previous studies, we have used these as information on metastases (20, 21) . If the death certificate notification matched the organ site of the reported primary cancer, it was classified to that site. In some cases when such an assignment could not be made, the classification was considered "other cancer."
Survival probabilities and hazard ratios were estimated subject to conformity to proportional hazard assumption with Cox regression, adjusted for sex, residential area, and socioeconomic status stratified over diagnosis of SPC and family history of cancer. Although the nationwide database does not include data on possible individual risk factors of cancer, adjustment for socioeconomic status helps to control for a number of social class-related risk factors, including smoking (22, 23) . Population attributable fraction (PAF) was employed to estimate the effect of family history of cancer on total disease burden. It was assessed with RRs where PAF ¼ proportion of population with family history Â [1 -RR (fh-) / RR (fhþ) ]; RR fh(þ/-) indicates RR with/ without cancer family history. All statistical analyses were done with R version 3.4 and SAS version 9.4.
The study was approved by the Ethical Committee of Lund University without requirement for informed consent. Through advertisements in the major newspapers, people could choose to opt out before the research database was constructed. The project database is located at Center for Primary Health Care in Malmö , Sweden.
Results
A total of 8.8 million individuals belonging to the offspring generation with full parental history contributed to the study cohort; 35 451 (47% male) developed MM at 51 years of median age at diagnosis (Table 1) . Among MM survivors, with 6 years of median follow-up, 4724 (13.3%) developed SPCs including 3212 (67.9%) with a family history of cancer. Of patients with SPC, 823 (17.4%) later went on to develop a third primary cancer, 172 (3.6%) of them developed a fourth primary cancer, and 60 (1.3%) developed a fifth primary cancer. The total number of deaths by the end of 2015 among all MM patients was 5259 (14.8%); of these, 3877 (73.7%) occurred in patients without SPC and 1382 (29.3%) of those with SPCs. In patients without SPC, 74.2% of the deaths were due to MM, but in patients with SPC only 24.5% of deaths were due to MM while the majority of deaths (53.1%) were due to second and higher order multiple primaries.
In Table 2 we compared RRs of SPCs in patients with MM depending on a family history of concordant cancer (or of any cancer in the last line). SPCs were listed when two or more familial cases were found. The RRs were statistically significant for family history for 11 SPCs, including lung, breast, ovarian, prostate, kidney, bladder, skin (SCC) and nervous system cancers, melanoma, leukemia, and CUP. The highest risk for familial SPC was for melanoma (RR familial Of 1382 deaths in patients with SPC, 596 (43.1%) were due to SPC and 138 (10.0%) were due to higher order multiple primaries (Table 3) . Only the sites with at least five total deaths are listed although the total includes all the 35 sites. The cause of death in MM patients with SPC was highly dependent on the site of SPC. The highest contributions to causes of death were observed for lung (87.0%) and pancreatic (86.0%) cancers, multiple myeloma (85.0%), and ovarian (81.0%) and esophageal (80.0%) cancers. Apart from skin (SCC), endocrine gland, and connective tissue cancers, SPCs at all the other sites contributed a higher proportion of deaths compared with MM. For death due to "other cancer," CUP showed the highest proportion, 32.7%, followed by endometrial (25%), connective tissue, and cervical cancers (both 22.2%). These results are summarized for the eight most common SPCs and all SPCs in Figure 1 .
Survival data are shown in Figure 2 for patients with and without SPC and any family history. There was no difference in the initial survival rates for patients, with and without SPCs, because SPCs were diagnosed in the course of time (median to SPC 6 y). However, after approximately 10 years of follow-up, survival curves diverged with marked poorer survival for patients with SPC compared with those without while family history showed a minor negative effect. Compared with a baseline hazard of 1.00 for patients without SPC or family history (n ¼ 1374), the hazard ratio for patients without SPC but with family history was 1.13 (n ¼ 2503; 95% CI ¼ 1.09 to 1.16) and that for patients with SPC were 1.97 without family history (n ¼ 462; 95% CI ¼ 1.89 to 2.04) and 2.04 with family history (n ¼ 920; 95% CI ¼ 1.99 to 2.10).
Discussion
Using data from the Swedish Family-Cancer Database, the present study covered all diagnoses of SPCs in patients with MM with a maximum possible follow-up of 58 years starting from 1958. The results offered several novel observations of clinical importance. Firstly, more than two-thirds (68%) of all MM patients with SPC had a first-degree family history of any cancer; this increased the risk from 1.78 to 2.09. The familial risk was moderately higher in MM patients diagnosed at a relatively early age. Secondly, for 11 SPCs, risk of concordant family history was statistically significantly increased, being remarkably high for melanoma (19.28 vs 9.21), which also resulted in the largest number of familial cases. However, high and statistically significant familial risks were observed for other cancers, including prostate, breast, and skin (SCC) cancers. Thirdly, irrespective of family history, patients with SPCs experienced increased mortality. Fourthly, mortality was highest for SPCs, which are known to be fatal as primary cancers. A limitation of the study was that the oldest individual in the present cohort reached age 83 years at the end of 2015, and it is likely that additional SPCs were/will be diagnosed past the follow-up time whereby the present results may not have been able to catch the full scope of SPCs in this cohort of patients (1) .
SPCs in patients with MM have been reported in many previous studies as discussed in the introduction. In the present cohort, 13.3% of the patients were diagnosed with SPC. Therapyrelated causes of SPCs are likely to be small for MM because surgery is the main mode of treatment for localized disease. Environmental causes, such as chronic exposure to ultraviolet radiation, may be an important cause for SPC in skin (SCC). Family members also share other environmental/behavioral risk factors, but not many of these are known to predispose to MM. Genetic causes could also be plausible, but among high-risk genes only mutations in cyclin-dependent kinase inhibitor 2 A CDKN2A are prevalent in MM families (24) . Mutations in other genes, such as cyclin-dependent kinase 4, breast cancer 1 associated protein 1, telomere maintenance genes (TERT, POT1, TERF2IP, and ACD), DNA damage repair genes (PARP1, ATM), and other nevi and pigmentationspecific genes are rare in MM and predispose to a limited number of other cancers, yet these mutations may confer a high risk in the affected individuals (25) (26) (27) . Thus with the exception of SPCs in MM and skin (SCC), no known genes or environmental factors can be invoked to explain the extensive familial association for SPCs. However, data from this database have shown that there is a general increase in familial risk in families with multiple diverse cancers (15) . A consistent increased risk of melanoma was reported in families where breast, prostate, colorectal, skin, and nervous system cancers were diagnosed (10) .
Survival was drastically worse for patients with SPC, and hazard ratios increased from 1.0 in patients without SPCs to 2.0 for patients with SPCs. Family history was a minor predictor of survival, but family history contributed to increased numbers of SPCs, accounting for a PAF of 10.1%.
Mortality patterns in MM patients were distinct depending on diagnosis of SPC. Among MM patients without SPC, 74.2% died of MM and 21.8% of other causes. On the contrary, 53.1% of patients with a subsequent primary cancer diagnosis died because of SPC or higher order primaries and 24.5% of deaths were due to MM. Deaths due to other cancers accounted for 7.2% of all casualties; these were ascertained from death certificate notifications and amounted to only 4.0% in patients without SPC. It can be suspected that at least some of these other cancers may be metastases originating from earlier cancer diagnoses. We observed high RRs for CUP in MM patients with or without a family history. CUP is characterized as fatal metastatic cancer originating in an unknown site. We have previously shown familial clustering of several primary tumors, including MM, with CUP, speculating that the associated familial cancer may disclose the origin of CUP cells (28, 29) . Figure 1 showed that CUP had the largest proportion of deaths due to other cancer (32.7%).
What are the clinical take-home messages from this study? SPCs will increase in accordance with increasing survival in MM, and the present proportion of 13.3% of patients coming down with a SPC is an underestimate due to incomplete followup time, particularly towards the termination of the study with the highest incidence of MM. SPCs are often fatal whereas prevention and early detection may be life-saving. The most common SPC was MM, and follow-up of MM patients should be a necessity, and those with a family history should be flagged. Skin (SCC) cancer is easily surveyed together with Figure 1 . Distribution of causes of death for eight common and all second primary cancers together among malignant cutaneous melanoma survivors. CUP ¼ cancer of unknown primary; SCC ¼ squamous cell carcinoma. Data are presented in Table 3 .
MM. For other common SPCs, prostate and breast cancers, taking a family history will help to devise and agree on a management plan with the patients. A family history of lung cancer may signal a risk of SPC and advice about smoking could be appropriate.
In conclusion, we showed that second and higher order multiple primaries caused more than half of the deaths in MM patients with an SPC. Family history of lung, ovary, kidney, bladder, and skin (SCC) cancer and leukemia more than doubled the risk of SPC. In agreement with previous reports, a family history of MM led to an almost 20-fold increased risk of second MM. Mortality was largely governed by the type of SPC. For improved survival in MM, prevention of SPCs should be a primary target, which should start with a thorough family history following diagnosis of MM. 
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